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Ferroelectric films in the paraelectric phase exhibit two undesirable properties: hysteresis in the
voltage-capacitance characteristics and a significant relaxation time of the capacitance. Our
experiments show that suppression of both of these is achieved by using UV radiation with
wavelengths corresponding to the material forbidden gap. Experimentally we also observed UV
radiation induced modulation of thin film permittivity without an applied electric field. The observed
phenomena are believed to have the same origin: UV light generates nonequilibrium charge carriers
that screen out local electric field induced by defects and interfaces inside ferroelectric thin films and
change films effective dielectric properties. © 2005 American Institute of Physics.
DOI: 10.1063/1.2137466Ferroelectric materials have been the subject of exten-
sive research for over 50 years. However, recent investiga-
tions of thin films of SrTiO3, BaTiO3, and their solid solution
BaxSr1−xTiO3 BSTO, motivated by the prospect of new ap-
plications such as electrically controllable microwave
devices,1,2 have uncovered many complexities not previously
recognized. The most effort has been aimed at the optimiza-
tion of thin film fabrication processes, i.e., to the microwave
loss reduction microwave loss tangent of ferroelectric thin
films is much higher than that of corresponding bulk
crystals,3,4 increasing the tunability,5 and improving the
temperature stability.6,7 These points are now better under-
stood, but the issue of the residual polarization and the hys-
teresis phenomenon observed under varying bias voltage, re-
sulting in slow relaxation of dielectric constant of
ferroelectric films in paraelectric phase above the Curie
temperature,8 has not been properly addressed.
In principle, ferroelectric materials in the paraelectric
phase should not exhibit hysteresis in the CV behavior
voltage-capacitance characteristics.9 They should demon-
strate also very short response time comparable with the pe-
riod of the lattice soft mode oscillations and the microwave
4 GHz intermodulation distortion measurements subnano-
second scale of response time10 and nanosecond pulse
measurements11 appeared to confirm this. However, a more
careful analysis of the experimental results11 revealed a dif-
ference between the variation of dielectric constant under ac
and dc voltages, with a dc voltage producing a greater
change in dielectric constant. The varactors’ fast switching is
at the expense of a decreased tunability. Furthermore, the
difference between the variation of dielectric constant under
ac and dc voltages varied with the magnitude of the applied
voltage pulses, their duration and their repetition time mak-
ing the control of devices problematic. Overcoming this
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in microwave electronics.
There exist a number of models explaining the residual
polarization and dielectric relaxation in ferroelectric thin
films. The charge injection12 and space charge formation
migration of oxygen vacancies13 models, the Debye-type
relaxation model,14 and the hopping probabilities distribution
model15 are among them. However, the real physical mecha-
nisms of the discussed phenomena require further
clarification.
In this letter we present a method, validated by experi-
mental results, to solve the hysteresis problem in ferroelec-
tric thin films using UV light radiation.
Previous work examining the application of UV radia-
tion to ferroelectrics considered mainly bulk ferroelectric
materials and were devoted to the photocontrollable phase
transitions and the UV light induced shift of the Curie
temperature.16–18 They were motivated by the fact that the
contribution from the electronic subsystem excited atom
states, nonequilibrium charge carriers, etc. to the free energy
of the crystal might be substantial. The photoferroelectric
effects in the neutral ferroelectric core with no internal elec-
trical field are due to the optical excitation of the nonequi-
librium charge carriers.19
In this investigation, we irradiated thin BSTO films in
the paraelectric phase by UV light with wavelengths between
350 and 430 nm. UV light with such wave lengths can gen-
erate excess charge carriers in the films since the correspond-
ing photon energies 2.9–3.7 eV are close to the forbidden
gap of BSTO material 3.3–3.8 eV.20 In turn, the excess
charge carriers can affect the electrical properties of the films
by suppressing the nonuniform charge distribution and
screening charged defects.
The structures investigated were planar capacitors
formed on Ba0.3Sr0.7TiO3 films deposited by rf magnetron
sputtering and laser ablation on Al2O3 and LaAlO3 sub-
strates, respectively. Details concerning the deposition pro-
21,22
cesses can be found elsewhere. Various samples with
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rie temperature of all samples was measured to be about
140 K, which is in a good agreement with that measured for
the bulk materials. The estimated dielectric permittivity 
at zero dc voltage and room temperature varied between 300
and 500. The electrodes bilayers of Au/Ti or Cu/Cr were
formed by thermal evaporation followed by lift-off or wet
etching, respectively. The metal layer thickness was between
0.5 and 1 m, while the gap between the electrodes varied
from 5 to 20 m.
The sample capacitance was measured at room tempera-
ture 300 K under reverse dc bias in 0–300 V range, using
LRC meters E7–12 1 MHz and Agilent 4287A 1 GHz.
The error in both measurements did not exceed few femto-
Farads. The results obtained were similar for all samples at rf
and microwave frequencies, therefore experimental data pre-
sented below are in arbitrary units and measurement fre-
quency is not mentioned.
Three types of experiment were performed.
1 Voltage-capacitance characteristic of the capacitors
were measured with and without UV irradiation. The UV
light source was a GaAs light emitting diode with wave-
length 370 nm and power density 7.5 mW/cm2. Typical re-
sults are presented in Fig. 1. Curves 1 and 2 show the revers-
ible change of the sample capacitance under dc bias changed
from 0 to 300 V and back to 0 V without UV irradiation. As
one can see, a well-pronounced hysteresis of the capacitance
takes place. Under UV light, a slight increase of the capaci-
tance is observed at 0 V see curve 3, which results in
steeper behavior of the voltage-capacitance characteristics at
low dc bias. At high dc bias close to the Umax, however, the
characteristics become identical. On decreasing voltage back
to zero, the measured capacitance values are identical with
those previously measured on the voltage increase, i.e., no
hysteresis is observed. Similar results were obtained for all
measured samples irradiated with UV light with wavelength
between 350 and 430 nm. At longer wavelengths, however,
the removal of hysteresis was not complete: it was reduced
substantially in comparison with the case without UV irra-
diation, but was still detectable.
A possible explanation of the described phenomenon
hysteresis disappearance is that the UV photons with en-
FIG. 1. Capacitance of the BSTO capacitor vs dc bias voltage at absence of
ultraviolet exposure curves 1 and 2 refer to the increase and decrease of
bias voltage, respectively and at ultraviolet exposure curve 3. Insert
shows the structure of ferroelectric film planar capacitor investigated. C0
=1.2 pF.ergy close to the BSTO band gap 3.3–3.8 eV generate non-
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charge trapped in the film itself and/or at the film/substrate,
film/electrode interface. The nature and origin of these de-
fects are the subject of continued investigation. The incom-
plete suppression of the hysteresis in some of the experi-
ments with longer UV wavelength is believed to be due to
the insufficient energy of the UV photons. It should be noted
that the capacitor structures were not optimised for these
measurements.
2 Measurements were made to investigate the influence
of the UV light irradiation on the capacitance/permittivity
relaxation time after the end of control voltage pulse. Rect-
angular pulses with amplitudes up to 300 V and duration
between 10 and 30 s were applied to the same capacitor
structures. The capacitance was measured with and without
UV light. Typical results are presented in Fig. 2. Curves 1
and 2 represent the capacitor response to a rectangular pulse
with 10 s duration showing conventional relaxation type be-
havior. Without UV light, the capacitance/permittivity relax-
ation achieved 90% of the initial value after several tens of
seconds curve 1, Fig. 2. With UV irradiation the relaxation
time was significantly reduced curve 2, Fig. 2.
3 In both experiments, all samples under UV irradia-
tion and 0 V bias exhibited capacitance higher than that mea-
sured in the virgin state. This led us to the idea of the third
experiment: modulation of the BSTO capacitance by an irra-
diation of modulated ultraviolet light. The results are pre-
sented in Fig. 3. As one can see, the change in capacitance
follows exactly the time modulated 0.5 Hz UV radiation.
Again, although the experimental setup used was unable to
measure the exact value of the relaxation time, it was well
below a few milliseconds the equipment refresh time. We
believe that the origin of the observed phenomena is the
photoinduced generation of nonequilibrium charge carriers
which reduces a local electric field in the film itself and/or at
the film/substrate, film/electrode interface. This affects the
local dielectric permittivity and changes the effective permit-
tivity of the sample. The change in absolute capacitance
value was about 3%. However, as mentioned earlier, the ca-
pacitor design was not optimized for these measurements.
In principle, the variation of sample capacitance/
permittivity under UV radiation may be also due to its heat-
FIG. 2. Evolution in time of the capacitance of the BSTO capacitor after the
pulsed control voltage is switched off without curve 1 and under curve 2
the exposure of ultraviolet light. C0=1.2 pF.ing. To exclude this possibility, we estimated the upper
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perature. Assuming that all the UV light power is absorbed
by thin film, the UV induced change in sample temperature
was estimated to be less than 0.01 K, which is well below
the value that could produce the measured change in sample
capacitance.
In conclusion, our investigation shows that by using UV
radiation with wavelengths corresponding to the BSTO thin
film forbidden gap, it is possible to remove or significantly
suppress the hysteresis in the voltage-capacitance character-
istics of BSTO based nonlinear capacitors. We also observe a
reduction in the capacitance/permittivity relaxation time. Ex-
perimentally we demonstrated that BSTO thin film permit-
tivity is sensitive to the UV radiation even without an applied
electric field. The observed phenomena are considered to
have the same origin. Namely, UV light causes generation of
nonequilibrium charge carriers that screen out local electric
field induced by defects and interfaces inside the BSTO thin
films and alter their effective dielectric properties.
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